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Roads are an essential part of a developed country and provide numerous economic and social benefits, 
which is why it is vital to ensure road networks are maintained to an expected level of service 
(Burningham, S & Stankevich, N 2005). However, road construction and maintenance is an expensive 
exercise, with over $23.8 billion was spent on Australian road infrastructure in the 2015-16 financial 
year alone (BITRE 2017). With an ever-growing population this is placing increasing strain on existing 
road infrastructure, resulting in greater pressure for road authorities to stretch funding as far as possible 
(AGRD 2015, Pt 1). 
A review of the literature has identified that it is widely claimed that road maintenance can be reduced 
by sealing the shoulders, however there is no information to quantify just what impact this has. To 
bridge this gap in the literature, this dissertation investigates the financial feasibility of sealing full width 
on certain rural roads in an effort to reduce ongoing maintenance costs. It also discusses the other 
consequences of this treatment as they also play an important role in the final decision. 
Using expert knowledge and historic maintenance data from a regional Council in Queensland, a 
theoretical analysis has been conducted to compare maintenance costs for both sealed and unsealed 
shoulders over the life expectancy of the road pavement. This analysis attempts to predict if spending 
additional money upfront to fund a wider seal will save money in the long-term due to reduction in 
shoulder maintenance. 
From the results of the analysis it is confirmed that sealing full width does reduce ongoing maintenance 
costs in some situations. Potential savings of more than $70,000 per kilometre may be achieved over 
the 20-year design life of the road by sealing shoulders in particularly high maintenance situations. On 
the other hand, in very low maintenance situations, it is suggested that having unsealed shoulders may 
be the most economical design. The findings also indicate approximate timeframes for return on 
investment for a varying levels of shoulder maintenance.  
Whilst there are many variables which play a role in road shoulder maintenance, this analysis applies a 
simplistic approach to predict, as accurately as possible, the effects on maintenance costs by sealing full 
width. The results of this analysis are intended to assist road authorities in providing effective design 
and whole-of-life cost strategies when approaching similar situations. By taking these findings on 
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Glossary of Terms 
 
Below are definitions of technical terms and abbreviations used in this report: 
AADT – Annual Average Daily Traffic 
CBR – California Bearing Ratio 
D/D – Double/double seal consisting of binder/aggregate/binder/aggregate usually applied in a single 
day 
DTMR – Department of Transport and Main Roads 
EDD – Extended Design Domain 
Greenfield Site – A site which has not already been developed 
IL/RT – Intervention level/response time 
vpd – Vehicles per day 
Low Volume Rural Road – Defined in this report as a non-urban road with an AADT of 700 or less 
Narrow Bitumen – Defined in this report to have 0.5m or less sealed shoulder width 
NDD – Normal Design Domain 
SAR – Standard Axle Repetitions 
S/S – Single/single seal consisting of one application of binder and a single layer of sealing aggregate 
Two-way Road – A road that allows traffic movement in both directions 






This report aims to verify the statement that sealing full width on two-way, rural roads will result in a 
reduction in maintenance costs (RPDM 2004, Ch 7). It is widely stated that sealing the road shoulders 
reduces ongoing maintenance, but it is unclear as to exactly what extent. A review of the literature in 
this field has identified this as a gap, with no information to quantify this reduction.   
To measure this, a theoretical analysis has been conducted to compare maintenance costs for both 
unsealed and sealed shoulders over the life expectancy of the road pavement. If a reduction in 
maintenance frequency is achieved, this will likely mean a significant reduction in whole-of-life cost, 
particularly in remote areas. The objective of this report is to determine the feasibility of spending 
additional money upfront to fund a wider seal (assuming the formation width can accommodate the 
seal) to save money in the long term due to reduction in unsealed shoulder maintenance. The results of 
this analysis are intended to assist road authorities in providing effective design and whole-of-life cost 
strategies when approaching similar situations. By doing so, this will enable funding to be used more 




















3.0 Literature Review 
 
3.1 Overview 
This dissertation investigates the various effects that sealing road shoulders greater than 0.5m has, 
particularly on the potential reduction in ongoing shoulder maintenance costs. In order to establish a 
basis for this analysis, in-depth research has been conducted in order to produce a theoretical model 
which can quantify this statement.  
Similar research published by Austroads on the Effects of Sealed Shoulders on Road User Costs (2001) 
identified there was no direct quantification between sealed shoulder width and maintenance costs.  The 
reason for this lack of information is likely due to the difficulty in being able to quantify such a broad 
and varying dataset. This gap in the research is what this analysis intends to bridge.  
There are many standards and guides on road design which dictate much of how roads are designed and 
maintained. This report aligns with these standards for practice in Queensland to produce a defined 
scope for this analysis and verify the feasibility of sealing road shoulders to reduce long-term costs. 
 
3.2 Design Considerations 
The objectives for new and existing road projects should be carefully considered to achieve the desired 
balance between the level of service provided, safety, whole-of-life costs, and be future fit (AGRD 
2015, Pt 2). The main considerations from a road authority and community point of view are economic, 
social, environmental and safety requirements which all play a major role in any design project (AGRD 
2015, Pt 1). In addition to this, there are numerous engineering factors such as location, traffic loadings, 
pavement design, seal design, and weather; all of which need to be considered in the design of a road. 
While this report does touch on many of these factors, it will focus predominantly on the whole-of-life 
cost by sealing full width.  
Austroads Guide to Road Design (AGRD) (2015, Pt 1) states that good road design requires creative 
input based on experience and a sound understanding of the principles. In the determination of right 
treatment, consideration must be given to the whole-of-life costs of an asset with regard to demand and 
preventive maintenance (LORDG 2016). Life cycle costs are an important consideration; if an asset is 
built substandard it is likely to have a higher maintenance cost (LORDG 2016).  
A major component in any road project is the design of the shoulders. This typically involves the 
determination of the width and whether or not they will be sealed. Any associated effects from sealing 
or not sealing the road shoulders must be understood in the decision-making process.   
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Road shoulder width is measured from the outer edge of the traffic lane to the edge of usable 
carriageway and they can either be wholly or partially sealed (AGRD 2017, Pt 3, Ed 3.2). The width of 
the shoulder depends on the category of road, the volume and type of traffic using the road, as well as 
the surrounding road environment (Towards Zero 2016). Austroads Guide to Pavement Design (2017, 
Pt 3, Ed 3.2) outline the functions that road shoulders play for traffic: 
 an initial recovery area for any errant vehicle 
 a firm surface for vehicles to pull over on at a safe distance from traffic lanes 
 a trafficable area for emergency use 
 space for cyclists 
 clearance to lateral obstructions 
 provision of additional width for tracking of large vehicles 
 
Under Normal Design Domain (NDD), The Road Planning and Design Manual (2018, 2nd Ed, Pt 3) 
states that the carriageway (including shoulders) for these roads should be a minimum of 8 metres and 
requires the seal to be full width. However, there are many existing two-lane rural roads in Queensland 
which do not meet this criterion (RPDM 2018, 2nd Ed, Pt 3). Under Extended Design Domain (EDD) a 
minimum of 7.4m seal width is required to accommodate road trains, however a seal width of 8m is 
still recommended (RPDM 2018, 2nd Ed, Pt 3). Often, however, road authorities have their own road 
hierarchy which governs the requirements for different standards of road.  
The purpose of a road hierarchy for design standards is to provide uniformity and consistency for road 
design that is considered ‘fit for purpose’ for the circumstances. However, as road agencies have come 
under increased fiscal pressure, this has resulted in increasing pressure to minimise capital costs by 
designing to lesser standards, with little regard for maintenance or user costs (AGRD 2015, Pt 1). Often, 
the bitumen seal width on low-volume rural roads is one of the first components to be reduced to save 
upfront costs in a road construction project. However, in doing so this may actually result in a greater 
whole-of-life cost for the asset. Typically, the road hierarchy set by road agencies for low volume, rural 
roads is to these lesser standards due to being lower priority roads. Historically, it was common practice 
to only seal shoulders on roads with high traffic use (Towards Zero 2016).  
Nowadays, sealing of shoulders is frequently done to reduce maintenance costs and to improve moisture 
conditions under pavements, especially under the outer wheel path (AGRD 2017, Pt 3, Ed 3.2). Moisture 
can significantly weaken the support strength of natural gravel materials by causing loss of particle 
interlock and subsequent particle displacement resulting in pavement failure (Adlinge & Gupta 2013). 
As unsealed shoulders lack the impermeable membrane which a bituminous seal provides, the pavement 
is exposed to any moisture ingress and egress, and therefore has higher maintenance requirements. It is 
also important to ensure adequate drainage away from the road pavement for this reason. Areas likely 
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to be exposed to water sitting on the road surface, such as floodways, should be sealed to protect the 
pavement from water infiltration. 
There are many considerations which go into the design of a road with no ‘one solution fits all’ 
approach. Because of this, it is important to identify a clear scope for road types to be considered under 
this report. Design standards for shoulder widths are often dependent on traffic volume and design speed 
(Zeeger, Deen & Mayes 1980). For sealed rural roads, the typical posted speed is 100km/h, which has 
been adopted as standard for the roads analysed in this report. As a guide, the maximum Annual Average 
Daily Traffic (AADT) that will be considered is 700 vehicles per day (vpd) which aligns with the Road 
Planning and Design Manual (2004, Ch 7, Table 7.4) guidelines for rural roads with low growth. Higher 
traffic volumes than this would already warrant an increase of seal width based on other criteria rather 
than to reduce maintenance costs. It is important to also stipulate a minimum AADT for consideration 
as traffic volumes below this would be unlikely to warrant a full width seal or a seal at all. This report 
has adopted a minimum of 50 vpd as a guide in accordance with the LORDG (2016). This is supported 
by DTMR Technical Note 118 (2015) which states that for AADT’s of less than 30 vpd, that it is 
desirable to not seal the road shoulders, except in floodways. Lack of traffic on the shoulder has been 
observed to become a maintenance problem, as small cracks may develop in the brittle, unworked 
bitumen - through which grass grows and moisture can enter the pavement (DTMR Technical Note 118, 
2015). 
Traffic volume, particularly the number of heavy vehicles, has a major impact on the rate of 
deterioration and therefore maintenance of a road. The DTMR Guide to Traffic Impact Assessment 
(GTIA) (2018) outlines that the impact that vehicles have on an unbound granular pavement. The 
damage caused by a vehicle is defined in Standard Axle Repetitions (SAR) and expressed in terms of 
the equivalent number of 80kN axles passing over the pavement (GTIA 2018). A single SAR is based 
on a dual-tyred, single axle and is used to relate the impact heavy vehicles have on the pavement. When 
fully loaded, a class 12 vehicle (triple road train) has the damaging effect of 11.75 SAR (GTIA 2018). 
This shows just how much of an impact heavy vehicles have on a road network and why the traffic 
composition is an important influencing factor in road maintenance requirements. 
 
3.3 Unsealed Road Shoulders 
Unsealed road shoulders are quite common on low-volume rural roads. This is usually due to being 
designed ‘fit for purpose’ to meet the level of service expected of that asset rather than a consideration 
for whole-of-life costs. Having a reduced seal width obviously results in a reduction in upfront costs for 
a construction project, and a lot of the time this initial budget is the limiting factor for many road 
authorities. This reduction in upfront costs is a big incentive, however there are many more advantages 
and disadvantages to not sealing the road shoulders. 
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Regarding traffic requirements, the purpose that unsealed shoulders play in a road is essentially the 
same as sealed. In certain circumstances, the option to leave the shoulders unsealed or partially sealed 
may be the best outcome. This is likely to be the case with very low volume roads or where conditions 
result in very little shoulder wear. It is important to note that increasing the seal width also means 
maintaining this increased width, which is an increased cost over the life of the road. Another 
consideration is the level of service required of the road network and if providing additional seal width 
aligns with the standards set by the road authority. 
The Road Planning and Design Manual (2004) states that road shoulders should be sealed a minimum 
width of 0.5m from the edge of the traffic lane when the predicted AADT is less than 2000. This is due 
to the need for vehicles to occasionally traverse the shoulder to pass a vehicle travelling the opposite 
direction (RPDM 2018, 2nd Ed, Pt 3). To align with this requirement, this report defines narrow bitumen 
roads to have a sealed shoulder width of 0.5m or less. Where the road shoulder has only been partially 
sealed (up to 0.5m) and has additional width not sealed, this is interchangeably referred to as having 
unsealed shoulders. 
In the case of narrow bitumen roads, usage of the full seal as part of the traffic lane merely causes the 
problem of shoulder rutting, drop-offs and edge break to occur on the edge of seal (AGRD 2017, Pt 3, 
Ed 3.2). This can be quite dangerous to motorists if the drop off at the shoulder gets excessive (AGRD 
2017, Pt 3, Ed 3.2). Thus, for unsealed shoulders to function appropriately, they require frequent 
maintenance to ensure an acceptable level of service and safety for road users. 
When left unsealed, the pavement is much more exposed to the impact of traffic and environmental 
factors. Such factors include surface runoff erosion, vehicle-induced wind erosion, and vehicle tracking, 
all of which can play a significant role in the deterioration of unsealed shoulder condition (Mohamad, 
et al. 2010). Therefore, if the shoulders are to be left unsealed or only partially sealed, it is important 
that they are designed to minimise the impacts of these adverse factors. Unsealed shoulder material 
should be selected to have low permeability, low swell and sufficient strength (CBR) to support limited 
traffic during periods of wet weather (Pavement Design Supplement 2018). All these properties play an 
important role in the performance of unsealed pavement. For simplicity of this analysis, it assumed that 
a suitable material has been used with no underlying subgrade issues.  
One of the major benefits of unsealed shoulders over sealed is the convenience to be able to repair 
defects such as isolated shoves without the need to reinstate this seal once repaired. Small areas 
requiring sealing can sometimes cost far more per square metre than a typical seal of a much larger 
area. For the purposes of this analysis, it is assumed that any savings provided by repairing minor defects 
and not having to reinstate this seal is balanced out by the reduction in occurrence a seal would provide. 
However, it is important to note that select granular pavement material is a non-renewable resource and 
sourcing quality product can sometimes be challenging in remote areas. Unsealed shoulder maintenance 
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such as resheeting to eliminate edge drop-off will typically require additional material to replace what 
has been lost. This can be a costly exercise and requires extra material than if it had been better preserved 
in place by sealing of the shoulder (AGRD 2015, Pt 3). 
To be able to focus specifically on the effects that the seal on shoulders have, this report must make a 
number of assumptions about unsealed shoulders to eliminate variables which complicate this analysis. 
If unsealed, the road shoulder is assumed to be in good condition, flush with existing bitumen and 
suitable for increasing the seal width without cost for prior works. 
 
3.4 Sealed Road Shoulders 
Partial sealing of the shoulder protects the lane edge against the development of broken edges or edge 
drop that can occur adjacent to the traffic lanes (AGRD 2017, Pt 3, Ed 3.2). This is simply from less 
traffic having to traverse the edge of the seal, resulting in less wear and damage. Additionally, for a 
marginally greater cost, some road agencies may seal the full width of the shoulder to provide an even 
better result than partial shoulder sealing (AGRD 2017, Pt 3, Ed 3.2).  
Based on Austroads Guide to Road Design (2017, Pt 3, Ed 3.2) the desirable width of sealed shoulder 
depends on many factors including: 
 traffic composition 
 AADT 
 access 
 operating speed 
 rainfall 
 shoulder pavement 
 
The cost of the pavement, and its wearing surface, is often the most significant cost factor in a road 
project (RPDM 2004, 1st Ed, Ch 7). By sealing the road shoulders, it is providing an impermeable layer 
to prevent water ingress into the pavement and better retains the shoulder material. This also helps 
maintain a consistent moisture level in the pavement and helps prevent shrinking/swelling. 
Consequently, this reduces the shoulder maintenance requirements and is a common reason for sealing 
the road shoulders.  
The Austroads Guide to Road Design (2017, Pt 3, Ed 3.2) outlines additional situations when a full 
width seal should be considered: 
 when shoulders are adjacent to a lined table drain, kerb or dyke 
 where a safety barrier is to be provided 
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 on the shoulders of a superelevated curve 
 on floodways 
 where rigid pavement is proposed 
 where environmental conditions require it 
 in high rainfall areas. 
 
Whilst there are many situations where sealing full width is warranted, it may come at a fair additional 
cost to do so. Not only are there additional upfront costs of providing a wider bitumen seal, but also 
additional costs to maintain this wider seal for the design life of the road. This typically involves 
periodic maintenance as well as a reseal every 5-15 years depending on the conditions (AGPT 2018, Pt 
4K). In addition to this, if on a main road, the Road Planning and Design Manual (2018, Vol 3, Pt 3) 
stipulate that edge lines are required if the shoulders are sealed or partially sealed. This is obviously 
another ongoing cost as these lines fade over time and need to be reinstated. This report assumes that 
edge lines exist for both scenarios and therefore does not factor in the cost for edge lines. It also assumes 
that any minor periodic maintenance required for a seal would be balanced out by other periodic 
maintenance for unsealed shoulders, so both minor costs can be neglected in the analysis. 
Occasionally, a higher bitumen spray rate is required for road shoulders compared to the traffic lanes. 
This is due to the binder oxidising at a faster rate than that of the wheel paths which have more vehicular 
movement to keep it ‘active’. To cater for this, additional bitumen is required on the shoulders to ensure 
they reach expected seal life. Nowadays, this is easily done with the use of a variable spray bar on a 
bitumen sealing truck. Whilst this additional cost is typically minor, depending on the project, it may 
add up. To initially seal the gravel shoulders, a two-coat seal (Double/Double seal, i.e. primerseal/seal 
or similar) is required. This initial seal is specifically designed to allow the bitumen to adhere to the 
granular pavement, with a secondary coat to improve longevity so this seal will reach its design life. 
Any subsequent reseals only require a single coat (Single/Single) seal to reinstate a fresh bitumen 
surface. For the purposes of this report, the spray rate, binder type and aggregate size are all assumed 
in the rates used. In reality, a full seal design would need to be undertaken specific to each site, however 
for the purpose of the analysis arbitrary spray rates have been assumed in the sealing cost. 
 
3.5 Other associated effects of sealing full width 
When considering the financial benefit of upfront cost versus ongoing maintenance expense for 
increased bitumen width, it is important to note that there are many other factors which may influence 
this decision. These factors have not been included in the financial analysis model for shoulder 
maintenace, however it is important to mention these associated affects as they play a very important 




of the road. This change of perception can influence motorist behaviour (Technical Note 118, 2015). If 
the seal is increased, this gives motorists additional width to safely pass oncoming traffic with greater 
separation. This visual perception can be very prominent in narrow bitumen roads, particularly where 
edge break or drop-off occur.  
This crash data and its effects can be quantified in terms of cost to the public. A report prepared by 
Frederick Litchfield from the Australian National University (2017) used data from the 2009 Bureau of 
Infrastructure, Transport and Regional Economics (BITRE) report to calculate the total social cost of 
road accidents. It calculates the average road fatality at $7.8 million, the cost per serious injury of 
$310,094, and cost per minor injury of $3,057 (Litchfield 2017). If this is taken into consideration, it 
would significantly sway the results of this research, but it something which should be noted.  
 
3.5.2 Economic and Social Impact 
Roads are among the most important public assets in many countries which is why it is important they 
are maintained to an acceptable level (Burningham, S & Stankevich, N 2005). Poorly maintained roads 
constrain mobility, significantly raise vehicle operating costs, increase accident rates, and aggravate 
isolation, poverty, poor health, and illiteracy in rural communities. (Burningham, S & Stankevich, N 
2005).  
Road improvements, such as sealing the road shoulders, brings immediate and sometimes dramatic 
benefits to road users by reducing the maintenance requirements and therefore reducing the risk of these 
negative impacts (Burningham, S & Stankevich, N 2005). The DTMR Technical Note 118 (2015) 
outlines some of the additional economic and social benefits that may result from providing a wider 
bitumen seal:  
 reduced travel times and therefore increased economic opportunity 
 increased connectivity between regions 
 higher level of service for road users 
 increased road safety 
 reduction in vehicular maintenance costs 
 improved environmental outcomes by reducing material loss and dust pollution 
 improved conditions for transporting freight (i.e. livestock) 
 
From a road agencies point of view, it is important to consider these social and economic benefits in 




3.5.3 Moisture Permeability 
Excessive moisture in pavement materials is one of the most detrimental factors for performance of 
unbound materials and subgrade performance (Technical Note 118, 2015). Because of the moisture 
sensitivity of nonstandard and marginal materials, moisture entry often has a greater impact on the 
performance of low volume roads than vehicle load-associated stresses (Technical Note 118, 2015). 
Thus, another major reason for sealing of the road shoulders is to prevent moisture ingress and help 
maintain a constant moisture content.  
Full width sealing of the shoulders can help restrict water movements under the road (Technical Note 
118, 2015). Sealed shoulders are highly beneficial in moving the zone of moisture influence away from 
the effective outer wheel path of the pavement (Technical Note 118, 2015). On the contrary, with 
unsealed shoulders the pavement in the outer wheel path is more affected by moisture variations 
(Technical Note 118, 2015). As the moisture content increases, this results in a reduction in stiffness of 
the pavement layers and accelerated deformation in the outer wheel path requiring ongoing and more 
frequent maintenance (Technical Note 118, 2015). In areas of high rainfall, this is a more prominent 
issue which can influence the selection of the pavement material and design of the road to cater for this.  
The Department of Transport and Main Roads Pavement Design Supplement (2018) Figure 4.2(a) uses 
data from the Bureau of Meteorology to show the Australian seasonal rainfall zones. Figure 4.2(a) from 




 1.5m when the speed limit is greater than 60km/h 
 
Therefore, providing additional bitumen width by sealing the road shoulders can greatly assist with 
meeting this lateral clearance. This improves cyclist safety and can ease congestion with increased 
opportunity for vehicles to pass cyclists on road. Most road bicycles have narrow tyres are not suitable 
to traverse unsealed pavement, therefore are confined to the extents of the bitumen seal. For roads 
which are popular with cyclists, it is recommended that the shoulders be sealed to provide provision 
for cyclists. 
 
3.5.5 Negative Impacts 
The obvious disincentive for sealing the road shoulders is the additional cost of funding this extra 
bitumen width. In many road projects, the biggest constraint is typically the capital budget. As 
increasing the seal width comes at a substantial upfront cost to a road, it is typically one of the first 
aspects considered for scaling back to reduce costs. However, by reducing the seal width, this may end 
up costing substantially more over time by having to maintain the shoulders. It is important that road 
authorities are aware of this and make decisions with whole-of-life costs in mind. The findings of this 
analysis aim to assist with this decision process.  
 
3.6 Maintenance Frequency 
The goal of road maintenance is to preserve the asset to a set standard and prolong its useable life. 
Roads play a vital role in providing economic development and growth to an area as well as provide 
important social benefits (Burningham & Stankevich 2005). Poorly maintained roads can constrain 
mobility, significantly raise vehicle operating costs, increase accident rates, and aggravate isolation, 
poverty, poor health, and illiteracy in rural communities (Burningham & Stankevich 2005). Hence, 
there are many valid reasons why a road network should be maintained to an acceptable level.  
Many countries tend to favour new construction or reconstruction of roads over maintenance which has 
led to a steady increase in the backlog of road repairs (Burningham & Stankevich 2005). From an asset 
point of view, if defects are neglected it may cause sections of road may fail completely, requiring full 
reconstruction at three or more times the maintenance cost, on average (Burningham & Stankevich 
2005). 
Regarding unsealed road shoulders, it has been identified that the two prominent maintenance issues 
are loss of shoulder material and edge break of the bitumen seal. The remedial works for these two 
issues is typically shoulder resheeting and edge repair, respectively (Fitzgerald, S 2019, pers. comm., 8 




certain types of defects - commonly known as IL/RT. According to this document, the lower 
intervention level for shoulder drop is reached when a drop off is greater than 50mm (TAMMP 2017, 
V1.5). Similarly, edge break lower intervention level is reached when edge drop off is 25mm with 
loss of >100mm of bitumen width (TAMMP 2017, V1.5). The TAMMP (2017, V1.5) also specifies 
that for these defects at lower intervention level, there is a response time of one (1) year to repair the 
defect. This intervention level and response time has been adopted in this report to form the basis of 
calculating the maintenance frequency for unsealed road shoulders. 
As the unsealed maintenance data used in the analysis was specific for Western Downs Regional 
Council, it was important to also use their reseal frequency to ensure consistency and accuracy. For 
roads which fit this report, the average duration between reseals is approximately every 12 years, which 
has been adopted in the analysis (Fitzgerald, S 2019, pers. comm., 8 August). 
 
3.7 Cost of Shoulder Maintenance 
To gauge an accurate cost for shoulder maintenance activities, Western Downs Regional Council were 
approached to provide unit rates for a variety of plant, materials, and labour. For accuracy, these unit 
rates are based on internal operations and are inclusive of all overheads and on-costs. Using first-
principles estimation, these rates have been used to determine a cost for shoulder maintenance activities 














In order to generalise a wide range of roads, and with numerous factors effecting the condition and 
maintenance requirements, many assumptions are required to be made. By assuming 'normal' conditions 
for many of these contributing factors, it simplifies the analysis to focus specifically on the impact that 
a bitumen seal has on shoulder maintenance requirement. However, even when considering this 
exclusively, there can be a wide variance in maintenance requirements between different roads. To cater 
for this, five categories have been created to for a more accurate reflection of conditions. These are; 
very low, low, medium, high and very high maintenance categories. Each category will correspond to 
expected maintenance frequency of the road which will be used in the forecasting of predicted 
maintenance expenditure. These frequencies have been determined in collaboration with WDRC and 
are based on historic knowledge of a wide range of network requirements. 
The cost of shoulder resheeting, edge repair, and bitumen sealing/resealing has been calculated from 
first principles using rates provided from WDRC. These costs can then be made relative by calculating 
the cost per annum over the relevant maintenance frequency period. Using these values, the cost-benefit 
of providing and maintaining a wider seal versus the unsealed shoulder maintenance costs can be 
projected over the life of the road pavement. 
 
4.1 Procedure 
Using the information provided by WDRC, a model was created to predict, as accurately as possible, 
the viability of sealing full width to reduce whole-of-life maintenance costs. Figure 4.1 shows a 
summary of the maintenance frequencies and allowances determined through consultation with WDRC 
and adopted in the analysis. The formulation of this data was based on the knowledge and expertise of 
the WDRC Maintenance Engineer with the assistance of historic maintenance data (Fitzgerald, S 2019, 
















4.2 Maintenance Frequency Tool 
In the case of a greenfield site or in the absence of accurate historic maintenance data, it may be difficult 
to know roughly which maintenance category a road belongs to. Ideally, using sound engineering 
judgement it can be estimated based on the maintenance frequency for each category. However, to assist 
with this decision, a maintenance frequency tool has been created as a guide that can be used in the 
absence of other data. It should be noted that this tool is to be used as guide only, and historic 
maintenance data along with engineering judgement should be used as preference.  
The tool uses a weighted matrix based on the key influencing factors for shoulder maintenance to 
approximate the category for maintenance frequency. Besides the bitumen width; traffic volume and 
heavy vehicle composition are two major factors which heavily impact the maintenance of unsealed 
shoulders (AGRD 2017, Pt 3, Ed 3.2). These have both been weighted high in the matrix to reflect the 
impact that these factors have on a network. Moisture also plays a large part in the deterioration of 
granular pavements. The Department of Transport and Main Roads Pavement Design Supplement 
(2018) Figure 4.2(a) uses data from the Bureau of Meteorology to show the Australian seasonal rainfall 
zones. This rainfall data has been used to categorise the impact expected from moisture in the 
maintenance frequency tool. Figure 4.2(a) from the Pavement Design Supplement has been replicated 
in Figure 3.1 for reference. 
With the external factors considered, another key performance indicator for unsealed shoulders is the 
quality of pavement material. To avoid the effects of moisture, the shoulder material should have low 
permeability, low swell and sufficient strength to support limited traffic during periods of wet weather 
(Pavement Design Supplement 2018). Using these parameters, the pavement quality of the shoulders 
has also been taken into account in the tool. 
The results of this matrix are only approximate as there are many other factors which may influence the 
maintenance requirements for shoulders. Using limited historic maintenance data, along with area 
expertise, several roads in the Western Downs region were used to validate this matrix (Zillman, B 
2019, pers. comm., 14 October). The values from Table 4.16 are summed to give a total score which 
corresponds to an approximate maintenance requirement for the road in Table 4.17. This total score can 
only be applied for the associated bitumen width considered, for example; if a 6.0m bitumen road 
returned the result of medium maintenance requirements, this would only apply to the 6.0m 







5.0 Results and Discussion 
From the results of the analysis, it is confirmed that sealing full width it can reduce ongoing maintenance 
costs in some situations. Unless the road is considered to have very low to low unsealed shoulder 
maintenance, the analysis concludes that sealing the shoulders does indeed reduce maintenance cost in 
the long-term. These results are based on using a 6% discount rate in the calculation of the net present 
value, which is considered excessive for the current economic conditions. 
The main objective of this dissertation was not just to verify if sealing of the road shoulder reduces 
maintenance costs, but to quantify this reduction. The results of the analysis indicate that sealing full 
width can make a significant difference over the life of the pavement, especially for roads with higher 
unsealed shoulder maintenance. These potential savings are up to $72,390 per kilometre over this period 
for 6.0m seals and $40,479 per kilometre for 7.0m seals. These savings equate to an impressive return 
on upfront investment, resulting in 213% ROI and 119% ROI for 6.0m and 7.0m seals respectively. It 
is important to note that these results are solely based on maintenance costs and do not take into 
consideration other influencing factors. 
While most situations warrant sealing full width, roads with lower maintenance requirement do not. 
This indicates that there are situations where unsealed shoulders are the most economical design and 
the road is considered ‘fit for purpose’. Interestingly, the findings also suggest that in the case of narrow 
bitumen seals it may be more cost effective to seal full width than only partially seal the shoulders (if 
warranted at all).  
A typical rural road pavement with low traffic volume has a design life of 20 years, which has been 
used in this report (Pavement Design Supplement 2018, Table 7.4.2). However, it is typical that due to 
limitations in funding, road authorities are getting substantially longer out of their pavements before 
rehabilitation. When considering the financial benefits of options, this report suggests the remaining 
pavement design life be used (at the current condition). A period greater than the 20 years analysed 
would suggest a further improve these results in favour of increasing the bitumen width. 
The analysis only takes into consideration 6.0m and 7.0m seal widths on an 8.0m formation based on 
WDRC road hierarchy. It is intended that these results give an indication as to the viability of widths 
outside of the ones analysed. 
It is important to note that the results of this analysis focus solely on reduction in maintenance costs. 
There are many other factors which need to be understood and taken into consideration before a final 
decision can be made. These factors may sway the outcome regardless of whether or not saving would 





This report acknowledges that this is a theoretical research project and the results obtained may vary, 
which could take many years to verify. Therefore, it is recommended that the results of this report be 
used as a guide only and sound engineering judgement be used to determine suitability on a case-by-
case basis.  
It needs to be noted that there are many other factors which may alter these results. This report classifies 
a wide range of roads into five different maintenance categories to best represent this variance in 
conditions. In theory, the many factors that influence shoulder maintenance are taken into consideration 
in these maintenance categories. Each category has been assigned a frequency for shoulder resheeting 
and an allowance for edge repair which is then compared to the cost of the initial seal as well as a reseal 
every 12 years. This was based on data supplied by WDRC and it may differ for other regions. 
Interpolation may be used for alternative frequencies than the ones considered. 
The three maintenance activities considered in the analysis have been chosen as they were identified in 
the literature as predominant activities for shoulder maintenance. Realistically, there may be other 
defects that require alternative treatments that have not been considered. However, for simplicity of the 
analysis it had to be assumed that these occur in both pre and post widening situations, or were minor 
enough to be neglected from the analysis. 
This study only considers 6.0m and 7.0m seal widths on an 8.0m formation based on WDRC road 
hierarchy. This is the standard of just one road authority and there are likely many other seal 
combinations existing. It is intended that these results give an indication as to the viability of widths 
outside of the ones analysed. 
It is important to note that the discussions in this report only relate to bituminous seal and do not touch 
on other road surfaces such as asphalt or concrete. It also assumes the road pavement material is 
unbound for the purpose of the cost of the unsealed shoulder maintenance. Additionally, this report also 
assumes that the pavement width of a road exists so that the option of extending the bitumen width each 
side is possible. It does not take into consideration any additional cost associated with widening 
pavement, however it does recommend that the consideration of seal options be done at the same time 
as new construction work. 
In order to quantify the broad dataset of road maintenance, several assumptions were required to be 
made. This analysis uses a selection of leading standards and published data as well as historic 






This investigation has been conducted in a way to produce relatively accurate predictions in 
maintenance savings, however it is important to remember that this is a theoretical analysis and results 
may vary. It is advised that the results in this report be used as a guide only and sound engineering 
judgement be used to determine suitability on a case-by-case basis. 
From the results, it is recommended that greater emphasis be put on whole-of-life costs when designing 
roads to ensure value for money is achieved. Road authorities are encouraged to consider the findings 
of this report in any future construction of low-volume rural roads. These findings indicate that in most 
situations significant savings can be achieved by sealing of the shoulders on two-way, rural roads.  
As most road authorities utilise road hierarchy for their road standards, they should ensure these 
standards take into consideration long-term maintenance costs, as applying a ‘one size fits most’ doesn’t 
necessarily achieve the best outcome. It is understood these standards of road hierarchy have been 
created to achieve a ‘fit for purpose’ outcome, however it is important to ensure this design achieves 
the best result in regard to whole-of-life cost as well. This may involve revising these standards to 
include information put forward in this report. Values from the analysis can be used to determine an 
approximate return on investment for upfront costs of widening the seal to justify the additional capital 
cost. 
In some lower maintenance situations however, the option to leave the shoulders unsealed may be the 
better solution as shown in the analysis. This confirms that in certain situations this standard of road is 
the correct fit for maintenance cost purposes.  
The results of the analysis are based on the standard discount rate of 6% for engineering projects in 
Queensland (CBA Manual 2011, Pt 2). This is considered excessive for the current economic situation, 
and therefore it is recommended that a more accurate discount rate be applied which would alter these 
results. For comparison, the results using a discount rate of 4% can be found in Appendix D. 
It is important to note that this analysis is based solely on the maintenance costs savings by sealing the 
road shoulders. There are many other consequences for sealing, or not sealing, the shoulders as 
discussed in this report. Road authorities need to have a sound understanding of all these associated 
effects as these can significantly influence the final decision.  
By taking on board the findings of this report, it is anticipated that road authorities will be able to more 
effectively manage the maintenance requirements of low-volume, rural roads. With the potential to 
reduce maintenance and maintenance costs, applying the findings of this report could save authorities 





This theoretical analysis has attempted to predict, as accurately as possible, the effect that sealing full 
width on two-way, rural roads has, particularly in relation to maintenance costs. The findings quantify 
this reduction and confirm that in most situations, a reduction in maintenance costs can be achieved. 
It is important to ensure a road is designed with all considerations taken into account as an asset that is 
built substandard is likely to have a higher maintenance cost (LORDG 2016). The consideration for 
sealing or partially sealing the road shoulders is something that should be assessed for all low volume, 
rural roads as this treatment has the potential to save road authorities significant cost in the long-term 
by reducing shoulder maintenance. The findings also assist in ensuring that a road is designed ‘fit-for-
purpose’.   
Through an in-depth review of literature in this field, it was identified that there are many contributing 
factors to shoulder maintenance. While attempts have been made to ensure the accuracy of these results, 
given the variable nature of road maintenance it is particularly difficult to quantify with precision. 
Therefore, it is recommended that the results of this analysis be used as a guide, along with sound 
engineering judgement when considering seal options.  
There are many other consequences for sealing, or not sealing, the road shoulders; so it is important to 
consider all factors before a decision is made. Many road authorities base their road configuration on 
road hierarchy instead of prescribed standards. The results of the analysis suggest that in some situations 
with lower maintenance requirements, lesser standards such as unsealed shoulders are the most 
economical. However, for most conditions, increasing the bitumen width resulted in a more cost-
effective solution in regard to maintenance costs over the life of the pavement. Increasing the bitumen 
width also brings with it a range of other benefits such as increased safety and level of service provided. 
The results of this analysis do not factor in other influencing factors such as these, but any additional 
outcomes need to be considered in the decision making process.  
It is hoped that the results of this dissertation bridge a gap identified in the literature and assist road 









9.0 Future Work 
Due to the timeframes available, a full-scale test for the 20-year (or more) lifespan of a low-volume, 
rural road is impractical. The next logical step for this research project would be for a case study on 
particular rural roads to verify the information put forward in this report.  
If accurate historical data exists for situations before and after the shoulders were sealed, this would be 
ideal for a case study. Alternatively, a trial section of road with high unsealed shoulder maintenance 
costs could be sealed and monitored for some time with the results projected for the remaining life of 
the pavement. It may even be possible to conduct this analysis in an accelerated test environment to 
speed up this process and achieve results sooner. Ideally, a large and varied sample size would be used 
to better represent the five different maintenance categories used in the analysis. 
Another avenue of future research could be to study different bitumen width configurations outside the 
ones considered in this report. For example, looking at single-lane bitumen, two-way roads and 
determining under what conditions warrant it to be upgraded to two lane bitumen. Another option could 
be looking at different criteria then those used in this report; such as AADT greater than 700vpd or 
formation widths exceeding 8.0m.  
This analysis only focuses on the impact the seal has on shoulder maintenance cost. If other factors such 
as economic and safety benefits were taken into account, this would severely impact the results and the 
feasibility of providing additional seal width. As these other outcomes play a key role in the decision-
making process, it would be beneficial for authorities to know just how much of an overall financial 
impact this could have. The findings of this report indicate that when taken into account, these additional 
outcomes would greatly favour providing sealed shoulders. Determining just how much this impact 
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11. Appendices  
Appendix A – Project Specification 
 
Project Specification  
 
For: Samuel Edward Robertson  
Title: ‘An investigation into the reduction of ongoing maintenance costs by sealing full-width on two-
way, rural roads.’ 
Major: Civil Engineering  
Supervisor: David Thorpe  
Enrolment: ENG4111 – EXT S1, 2019 ENG4112 – EXT S2, 2019  
Project Aim: To investigate the effects of sealing the road shoulder on rural roads, particularly on the 





1. Create a draft template of the dissertation with formatted ideas to break down the project into 
smaller sections.  
2. Research the relevant standards on road design and maintenance to determine what standards apply 
for this research topic.  
3. Undertake an in-depth literature review to gather information on the various aspects outlined in the 
draft template. 
4. Perform research to identify maintenance patterns expected for typical roads in question. 
5. Summarise this information and put forward a maintenance frequency for use in this report that 
incorporates all relevant activities.   
6, Through research, determine the cost of each of these maintenance activities.  
7. Adopt a costing system to project costs of maintenance activities. Will have to account and relate 
costs back to the present day. 
8. Produce life cycle costing models for at least five (5) scenarios and analyse the results.  
9. Summarise findings and make recommendations. 
 
 
 
 












